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(54) DOMAIN CONTROL PIEZOELECTRIC SINGLE CRYSTAL ELEMENT AND ITS 
MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a domain 
control piezoelectric single crystal element wherein 
lateral direction vibration mode (k31) is used in which 
k31 is used effectively in the state that d33 is at least 
800 pC/N when k33 is at least 80%, and -d31 is at 
least 1200 pC/N when k31 is at least 70%, and to - 
provide a domain control piezoelectric single crystal 
element using a longitudinal vibration mode (k33) of 
high efficiency and high performance wherein 
spurious or the like is not present in a band width in 
which k33 vibration mode is used in the condition that 
d33 is at least 800 pC/N when k33 is at least 80%, 
and k31 is at most 30%. 

SOLUTION: As a polarization condition in a thickness 

direction of a piezoelectric single crystal element, a DC electric field of 400-500 V/mm is 
applied for at most two hours in a temperature range of 20-200°C, or cooling is performed 
while an electric field is applied (electric field cooling). As a pre-stage of the above 
process, an electric field is applied to a direction perpendicular to a polarization direction 
(electric field application), or temperature is increased and decreased by setting a 
rhomboidal- tetragonal phase boundary temperature or a tetragonal-cubic phase boundary 
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temperature as a center temperature, or temperature is increased and decreased between 
different two temperatures in a cubic system temperature region (thermal treatment), or 
these temperature operations are used together. 
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* NOTICES * 

vJPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the piezo-electric single crystal ingredient which is electromechanical coupling 
coefficient k33 >=80% of the lengthwise direction oscillation mode of the direction of polarization, 
and has piezo-electric distorted constant d33 >=800 pC/N electromechanical coupling coefficient 
k31 >=70% of the longitudinal direction oscillation mode of the direction which intersects 
perpendicularly in the direction of polarization — and It has piezo-electric distorted constant-d31 
>=1200 pC/N. And the domain control piezo-electricity single crystal component characterized by 
being value fc31 <=650 Hz-m of the resonance frequency (fr) of the longitudinal direction 
oscillation mode of the direction which intersects perpendicularly in the direction of polarization 
about k31, and the frequency constant (fc31=fr-L) which is the product of the oscillating lay length 
(L) of a component. 

[Claim 2] In the piezo-electric single crystal ingredient which is electromechanical coupling 
coefficient k33 >=80% of the lengthwise direction oscillation mode of the direction of polarization, 
and has piezo-electric distorted constant d33 >=800 pC/N electromechanical coupling coefficient 
k31 <=30% of the longitudinal direction oscillation mode of the direction which intersects 
perpendicularly in the direction of polarization — and It has piezo-electric distorted constant-d3 1 
<=300 pC/N. And the domain control piezo-electricity single crystal component characterized by 
being value fc31 >=800 Hz-m of the resonance frequency (fr) of the longitudinal direction 
oscillation mode of the direction which intersects perpendicularly in the direction of polarization 
about k31, and the frequency constant (fc31=fr-L) which is the product of the oscillating lay length 
(L) of a component. 

[Claim 3] The domain control piezo electric crystal single crystal component according to claim 1 or 
2 to which a piezo-electric single crystal ingredient is characterized by being following (a) or (b). 

(a) It is the solid solution which consists of X-Pb(Al, A2, -, Bl, B-2--) 03+(l-X) PbTi03 (0< 
X<1). 1 or two or more elements which were chosen from the group which Al, A2, and — become 
from Zn, Mg, nickel, Lu, In, and Sc, Bl, and B-2— are 1 or two or more elements which were chosen 
from the group which consists of Nb, Ta, Mo, and W. The percentage in al, a2 — , and a chemical 
formula for the ionic valency of Al, A2, and — , respectively Yl, Y2 — , Bl, B-2 — The percentage in 
bl, b2 — , and a chemical formula for ionic valency, respectively Zl, Z2 — , The total W of the ionic 
valency of the element group in a parenthesis [ in / when it carries out / chemical formula Pb 
(AlYlal, A2Y2a2, -, BIZlbl, and BlZ2b2 --) 03 ] is W=alandYl+a2Y2+. - MandZl+b2Z2+ - 
Fill the charge of =4+. 

(b) Do 0.5 ppm-1 mass % addition of 1 of Mn and Cr**, or two sorts at the above (a). 

[Claim 4] The manufacture approach of the piezo-electric single crystal component characterized by 
performing the process cooled impressing 400v/mm - 1500v [/mm ] direct-current electric field in a 
20 degrees C - 200 degrees C temperature requirement for a maximum of 2 hours, or impressing 
electric field as polarization conditions for the thickness direction of a piezo-electric single crystal 
component, and manufacturing a domain control piezo-electricity single crystal component. 
[Claim 5] The manufacture approach of the piezo-electric single crystal component according to 
claim 4 characterized by manufacturing a domain control piezo electric crystal single crystal 
component by performing the process which impresses electric field in the direction which intersects 
perpendicularly in the direction of polarization of a single crystal piezoelectric device as a preceding 
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paragraph story of a process according to claim 4, performing the process which controls the 
direction of the ferroelectric domain of the direction which intersects perpendicularly in the direction 
of polarization, and performing the process subsequently to claim 4 indicated. 
[Claim 6] The process which carries out heating cooling of the single crystal piezoelectric device as 
a preceding paragraph story of a process according to claim 4 on both sides of the transition 
temperature of rhombohedral [ which is the hypothermic phase of this piezo-electric single crystal 
ingredient ], and ****** which is a moderate temperature phase (1), Or the process which carries out 
heating cooling on both sides of the Curie temperature which is ****** of this piezo-electric single 
crystal ingredient, a ferroelectricity, and piezoelectric disappearance temperature (2), Or the process 
which carries out heating cooling in the cubic temperature requirement which is a parent phase more 
than Curie temperature (3), Or by performing the process (4) which combined suitably said process 
(1), (2), and (3), and performing the process subsequently to claim 4 indicated The manufacture 
approach of the piezo-electric single crystal component characterized by controlling the direction of 
the ferroelectric domain of the direction which intersects perpendicularly in the direction of 
polarization, and manufacturing a domain control piezo electric crystal single crystal component. 
[Claim 7] The process which impresses electric field in the direction which intersects 
perpendicularly in the direction of polarization of a single crystal piezoelectric device, The process 
which carries out heating cooling of the single crystal piezoelectric device on both sides of the 
transition temperature of rhombohedral [ which is the hypothermic phase of this piezo-electric single 
crystal ingredient ], and ****** which is a moderate temperature phase (1), Or the process which 
carries out heating cooling on both sides of the Curie temperature which is ****** of this piezo- 
electric single crystal ingredient, a ferroelectricity, and piezoelectric disappearance temperature (2), 
Or the process which carries out heating cooling in the temperature requirement of the cube article 
which is a parent phase more than Curie temperature (3), Or the process which uses together the 
process (4) which combined suitably said process (1), (2), and (3) is performed. Subsequently, the 
process cooled impressing 400v/mm - 1500v [/mm ] direct-current electric field in a 20 degrees C - 
200 degrees C temperature requirement for a maximum of 2 hours, or impressing electric field is 
performed. The manufacture approach of the piezo-electric single crystal component characterized 
by controlling the direction of the ferroelectric domain of the direction which intersects 
perpendicularly in the direction of polarization, and manufacturing a domain control piezo electric 
crystal single crystal component. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a piezo-electric single crystal component and its 
manufacture approach. In more detail, it is the component which consists of a single crystal 
ingredient, and is related with the component which paid its attention to the domain control of the 
direction which intersects perpendicularly in the direction of polarization, i.e., the electromechanical 
coupling coefficient of the longitudinal direction oscillation mode and this direction, and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] About the piezo-electric single crystal component, the ultrasonic probe 
using the piezo electric crystal which consists of a dissolution single crystal of zinc niobic acid-lead 
titanate is indicated by JP,6-38963,A, for example. This technique has [ such a piezo electric crystal ] 
the electromechanical coupling coefficient (k33) of the direction of polarization as large as 80 - 85%, 
and by using this single crystal shows that a highly sensitive probe is obtained. Although a piezo- 
electric single crystal component is studied about the electromechanical coupling coefficient of the 
direction of polarization in this way and from Seki also of various kinds of applications is carried out 
conventionally, about the property of the direction which intersects perpendicularly in the direction 
of polarization, it is an uncivilized technical field. 
[0003] 

[Problem(s) to be Solved by the Invention] various applications are presented with this invention 
persons when the electromechanical coupling coefficient (k33) of the direction of polarization of a 
piezo-electric single crystal component (lengthwise direction oscillation mode) has a >=80% value — 
**** nevertheless the electromechanical coupling coefficient (k31) of the direction (longitudinal 
direction oscillation mode) which intersects perpendicularly in the direction of polarization — for 
example IEEE Proc. MEDICAL As shown in the reference of IMAGING3664(1999) pp.239 or 
others, as compared with the electromechanical coupling coefficient (k33) of 49% - 62% and the 
direction of polarization (lengthwise direction oscillation mode), it is a low value. And it noted that 
the value which has dispersion with reference was shown. And as a result of inquiring 
wholeheartedly, for 800 or more pC/N and k31, -d31** is [ d33 ] 1200 pC/N (the definition top d31) 
to coincidence at 70% or more simultaneous [ k33 ] at 80% or more. More than it had a negative 
value, when it carries out, manufacture of the piezo-electric single crystal component which used 
k31 effectively is possible. For d33, 800 or more pC/N and k31 are [ k33 ] coincidence at 30% or 
less to coincidence in 80% or more. - d31 is 300 pC/N (the definition top d31). When it was made 
the following with a negative value, since there was no spurious (unnecessary vibration) generating 
into the use band, the value of k33 could be used still more efficiently, and it discovered that the 
piezo-electric single crystal component of lengthwise direction oscillation mode (k33) use of high 
performance was obtained more. 

[0004] Furthermore, the electromechanical coupling coefficient (k31) of the direction (longitudinal 
direction oscillation mode) which intersects perpendicularly in the direction of polarization while it 
has a big electromechanical coupling coefficient (k33) in the direction of polarization (lengthwise 
direction oscillation mode) is small. The domain structure formed of the electric dipole about the 
direction of polarization of a piezo-electric single crystal component where polarization of the cause 
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of having dispersion was carried out, and the direction which intersects perpendicularly is not a 
single domain. It found out that the piezo-electric single crystal component of the following (A) and 
(B) was obtained that it is because it is formed in two or more domains (multi-domain), and by 
controlling this domain structure. 

[0005] (A) In the piezo-electric single crystal ingredient which is electromechanical coupling 
coefficient k33 >=80% of the lengthwise direction oscillation mode of the direction of polarization, 
and has piezo-electric distorted constant d33 >=800 pC/N electromechanical coupling coefficient 
k31 >=70% of the longitudinal direction oscillation mode of the direction which intersects 
perpendicularly in the direction of polarization — and It has piezo-electric distorted constant-d31 
>=1200 pC/N. And the domain control piezo-electricity single crystal component which is value 
fc31 <=650 Hz-m of the resonance frequency (fr) of the longitudinal direction oscillation mode of 
the direction which intersects perpendicularly in the direction of polarization about k31, and the 
frequency constant (fc31=fr-L) which is the product of the oscillating lay length (L) of a component. 
[0006] (B) In the piezo-electric single crystal ingredient which is electromechanical coupling 
coefficient k33 >=80% of the lengthwise direction oscillation mode of the direction of polarization, 
and has piezo-electric distorted constant d33 >=800 pC/N electromechanical coupling coefficient 
k31 <=30% of the longitudinal direction oscillation mode of the direction which intersects 
perpendicularly in the direction of polarization — and It has piezo-electric distorted constant-d31 
<=300 pC/N. And the domain control piezo-electricity single crystal component which is value fc31 
>=800 Hz-m of the resonance frequency (fr) of the longitudinal direction oscillation mode of the 
direction which intersects perpendicularly in the direction of polarization about k31, and the 
frequency constant (fc31=fr-L) which is the product of the oscillating lay length (L) of a component. 
[0007] Moreover, it discovered that the conditions which control domain structure were arranged 
with the value of the frequency constant (fc31=fr-L) which is the resonance frequency (fr) of the 
oscillation mode and the product of the oscillating lay length (L) of a component in connection with 
the electromechanical coupling coefficient k31 of the direction of polarization of this piezo-electric 
single crystal component, and the direction (longitudinal direction oscillation mode) which intersects 
perpendicularly. 

[0008] This invention aims at offering such a piezo-electric single crystal component by which 

domain control was carried out, and its manufacture approach. 

[0009] 

[Means for Solving the Problem] In the piezo-electric single crystal ingredient which invention of 
the 1st of this invention is electromechanical coupling coefficient k33 >=80% of the lengthwise 
direction oscillation mode of the direction of polarization, and has piezo-electric distorted constant 
d33 >=800 pC/N It is electromechanical coupling coefficient k31 >=70% of the longitudinal 
direction oscillation mode of the direction which intersects perpendicularly in the direction of 
polarization, and is piezo-electric distorted constant-d31 >=1200 pC/N (the definition top d31). It 
has. a negative value — having — And it is the domain control piezo-electricity single crystal 
component characterized by being value fc3 1 <=650 Hz-m of the resonance frequency (fr) of the 
longitudinal direction oscillation mode of the direction which intersects perpendicularly in the 
direction of polarization about k31, and the frequency constant (fc31=fr-L) which is the product of 
the oscillating lay length (L) of a component. 

[0010] Next, invention of the 2nd of this invention is set into the piezo-electric single crystal 
ingredient which is electromechanical coupling coefficient k33 >=80% of the lengthwise direction 
oscillation mode of the direction of polarization, and has piezo-electric distorted constant d33 >=800 
pC/N. It is electromechanical coupling coefficient k31 <=30% of the longitudinal direction 
oscillation mode of the direction which intersects perpendicularly in the direction of polarization, 
and is piezo-electric distorted constant-d31 <=300 pC/N (the definition top d31). It has. a negative 
value — having — And it is the domain control piezo-electricity single crystal component 
characterized by being value fc3 1 >=800 Hz-m of the resonance frequency (fr) of the longitudinal 
direction oscillation mode of the direction which intersects perpendicularly in the direction of 
polarization about k31, and the frequency constant (fc31=fr-L) which is the product of the oscillating 
lay length (L) of a component. 

[001 1] A slendemess ratio makes the longitudinal direction the direction of polarization about three 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/22/2006 



JP,2003-282986,A [DETAILED DESCRIPTION] 



Page 3 of 10 



or more rod-like structures, and the piezo-electric single crystal component expresses vibration 
(lengthwise direction vibration) of the direction of polarization when applying an electrical potential 
difference in the direction of polarization, and the conversion efficiency of distorted magnitude with 
the electromechanical coupling coefficient (k33) and the piezo-electric distorted constant (d33) of 
the lengthwise direction oscillation mode, respectively, and it is so efficient that these numeric 
values are large. Its it is specified also about the thing of the configuration of a rectangular plate 
besides a rod-like structure, a disk, etc. This invention is the domain control piezo electric crystal 
single crystal component which paid its attention to the electromechanical coupling coefficient (k31) 
of the direction (longitudinal direction oscillation mode) which intersects perpendicularly in the 
direction of polarization. 

[0012] As a piezo-electric single crystal ingredient concerning the 1st above-mentioned invention or 
the 2nd invention, following (a) or (b) can be used suitably. 

[0013] (a) It is the solid solution which consists of X-Pb(Al, A2, -, Bl, B-2-) 03+(l-X) PbTi03 
(0< X<1). 1 or two or more elements which were chosen from the group which Al, A2, and — 
become from Zn, Mg, nickel, Lu, In, and Sc, Bl, and B-2-- are the elements of the 1 and the number 
of simplicity and complexity which were chosen from the group which consists of Nb, Ta, Mo, and 
W. The percentage in al, a2 — , and a chemical formula for the ionic valency of Al, A2, and --, 
respectively Yl, Y2 — , Bl, B-2 — The percentage in bl, b2 — , and a chemical formula for ionic 
valency, respectively Zl, Z2 — , The total W of the ionic valency of the element group [ in / when it 
carries out / chemical formula Pb(Al Ylal, A2Y2a2, -, BIZlbl, and BlZ2b2 --) 03 ] in a 
parenthesis is W=alandYl+a2Y2+. - blandZl+b2Z2+ - Fill the charge of =4+. 
[0014] (b) Do 0.5 ppm-1 mass % addition of 1 of Mn and Cr**, or two sorts at the above (a). 
[0015] In addition, there is a piezo electric crystal single crystal ingredient (PZN-PT or PZNT, and 
the latter are called PMN-PT or PMNT for the former) which consists of the solid solution of lead- 
zinc-niobate Pb(Znl/3Nb 2/3) 03, magnesium lead niobate Pb(Mgl/3Nb 2/3) 03, and lead titanate 
PbTi03 as an ingredient known best. 

[0016] There is the manufacture approach shown below as an approach of manufacturing the above 
domain control piezo-electricity single crystal component. 

[0017] One of them is the process (electric-field cooling) cooled impressing 400v/mm - 1500v 
[/mm ] direct-current electric field in a 20 degrees C - 200 degrees C temperature requirement for a 
maximum of 2 hours, or impressing electric field as polarization conditions for the thickness 
direction of a piezo-electric single crystal component, and it is the manufacture approach of the 
piezo-electric single crystal component characterized by manufacturing the above-mentioned domain 
control piezo-electricity single crystal component. 

[0018] Although this manufacture approach is a process which performs final polarization of a 
domain control single crystal piezoelectric device, its manufacture approach of adding the process 
which impresses electric field in the direction of polarization and the direction which intersects 
perpendicularly, and controls the alignment condition of the ferroelectric domain of the direction of 
polarization and the direction which intersects perpendicularly to the preceding paragraph of this 
process is also effective. As a class of electric field impressed in the direction of polarization, and the 
direction which intersects perpendicularly, there are attenuation electric field besides direct-current 
electric field, pulse electric field, alternating current electric fields, and these stationary electric fields 
etc., and field strength, impression time amount, temperature conditions, etc. have proper conditions 
according to the value of a request of the electromechanical coupling coefficient (k31) of the 
direction which intersects perpendicularly in each property and direction of polarization of a piezo- 
electric single crystal component. These can be defined by experiment etc. Moreover, as the 
aforementioned pulse electric field, unipolars, such as an others and alternating current triangular 
wave, and a bipolar pulse can be used. [ wave / right-angle ] 

[0019] Moreover, the manufacture approach characterized by heating and cooling a single crystal 
piezoelectric device is in the preceding paragraph of the process which performs final polarization of 
the domain control single crystal piezoelectric device cooled impressing 400v/mm - 1500v [/mm ] 
direct-current electric field in a 20 degrees C - 200 above-mentioned degrees C temperature 
requirement for a maximum of 2 hours, or impressing electric field as an option of this invention. 
For example, the temperature field where a piezo-electric single crystal component serves as 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/22/2006 



JP,2003-282986,A [DETAILED DESCRIPTION] 



Page 4 of 10 



rhombohedral, ******, and a cubic was decided according to the presentation. Therefore, for 
example, the process which carries out heating cooling of the single crystal piezoelectric device on 
both sides of the transition temperature of rhombohedral [ which is the hypothermic phase of this 
piezo-electric single crystal ingredient ], and ****** which is a moderate temperature phase (1), Or 
Curie temperature which is ****** of this piezo-electric single crystal ingredient, a ferroelectricity, 
and piezoelectric disappearance temperature (at an elevated temperature, from this temperature) this 
****** single crystal ingredient — a cubic (parent phase) ~ becoming — the process (2) which inserts 
and carries out heating cooling — Or the process which carries out heating cooling within a parent 
phase (3), Or the process (4) which combines a process (1), (2), and (3) suitably is performed. 
Subsequently, by performing the process cooled impressing 400v/mm - 1500v [/mm ] direct-current 
electric field in a 20 degrees C - 200 degrees C temperature requirement for a maximum of 2 hours, 
or impressing electric field, the alignment condition of the ferroelectric domain of the direction 
which intersects perpendicularly in the direction of polarization is controllable. 
[0020] In furthermore, the preceding paragraph of the process which performs final polarization of 
the process domain control single crystal piezoelectric device cooled impressing 400v/mm - 1500v 
[/mm ] direct-current electric field in a 20 degrees C - 200 above-mentioned degrees C temperature 
requirement for a maximum of 2 hours, or impressing electric field The process which impresses 
electric field in the direction which intersects perpendicularly in the direction of polarization of a 
single crystal piezoelectric device, By performing the process which uses together the process which 
carries out heating cooling of the single crystal piezoelectric device, and performing the process 
cooled impressing 400v/mm - 1500v [/mm ] direct-current electric field subsequently in a 20 degrees 
C - 200 degrees C temperature requirement for a maximum of 2 hours, or impressing electric field 
The ferroelectric domain alignment condition of the direction which intersects perpendicularly in the 
direction of polarization is controllable. 
[0021] 

[Embodiment of the Invention] For example, the solid-solution single crystal of zinc niobic acid-lead 
titanate (PZN-PT or PZNT) is making the perovskite structure (AB03) as the unit lattice showed 
typically to drawing 1 . The phase diagram by the presentation ratio of PZN and PT was shown in 
drawing 2 . This drawing is Nomura, et at., J.Phys. (1969). J. Kuwata et It quotes from at. and 
Ferroelectrics (1981). In rhombohedral [ PZNT ], it has the spontaneous polarization which 
corresponds in the eight directions of <1 1 1> bearings of the crystal when regarding as a pseudo- 
cubic at an electric dipole so that drawing 2 may see. If electric field are impressed to such a 
spontaneous polarization condition in the **** <100> direction (the crystal logging direction), an 
electric dipole will rotate in the polarization electric-field impression direction, and the direction of 
spontaneous polarization will come to gather. 

[0022] However, although various conditions arise in this way of gathering by the mode of 
impression of electric field etc., consequently the electromechanical coupling coefficient (k33) of the 
direction of polarization has 80% or more of value in it It turned out that the electromechanical 
coupling coefficient (k31) of the direction which intersects perpendicularly in the direction of 
polarization is distributed to 49 - 62% with dispersion according to the reference etc., i.e., control of 
an electromechanical coupling coefficient (k31) is not made about the direction of polarization, and 
the direction (transverse-oscillation mode) which intersects perpendicularly. In such a value of k31, 
it was difficult to produce the device which used k3 1 positively, or spurious one occurred in the 
lengthwise direction oscillating (k33) mode of the direction of polarization in the device which uses 
k33 positively on the other hand, and the situation that sufficient property could not be acquired had 
occurred. The factor which gives this result is explained as follows. That is, for the material of the 
piezo-electric single crystal component started from the piezo electric crystal single crystal after 
training, the domain which consists of a set of the electric dipole of the same direction in the 
direction of polarization and the direction of polarization, and the direction that intersects 
perpendicularly has turned to various directions, and does not show piezoelectric, but is in the 
condition of non-polarization. 

[0023] General polarization processing temperature and applied voltage can be chosen, and many 
domains will not be able to gather without impressing electric field in the direction of polarization in 
the direction of polarization. By this, the electromechanical coupling coefficient k33 of the direction 
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of polarization comes to show 80% or more of big value. However, the condition of the domain in 
the direction of polarization and the direction which intersects perpendicularly can be controlled only 
within limits with suitable the polarization conditions in the direction of polarization, i.e., 
polarization processing temperature, and applied voltage. 

[0024] Next, an example is given and explained about how to control the mode of polarization. Table 
1 shows the dielectricity and the piezo-electric property at the time of changing the polarization 
conditions of the piezo-electric single crystal ingredient in connection with the conventional example 
(sample numbers 1, 2, and 3), a reference value (reference values 1 and 2), and this invention etc. 
d33 value in Table 1 was measured by d33 m (Chinese Academy of Sciences **** lab ZJ-3D mold). 
It asked for calculation of k33 value from d33vsk33 curve based on this invention persons 1 
measurement shown in drawing 12 . k31, d31, and fc31 measured the frequency response of an 
impedance, and computed it by count. The piezo-electric single crystal component (component 
configuration: 13mm die-length x4mm width-of-face x0.36mm thickness) of used 0.91PZN(s) 
+0.09PT (it expresses with X= 0.91 and a mole fraction) As shown in drawing 3 , the 6th page 
produces a golden electrode by the spatter to two fields (001) 11 of the crystal 10 surrounded in the 
field (100) which counter, and it is immersed into a 40-degree C silicone oil. To inter-electrode, 
250v [ mm ] (sample number 4) /and 500v (sample number 5)/mm After impressing each [ 700v / 
mm / (sample number 6) /, lOOOv / mm / (sample number 7) /, and 1600v //mm / (sample number 
8) ] electric field for 10 minutes, the impedance curve in the k31 mode was shown in drawing 4 - 
drawing 8 . It is in the condition that mm is [v / ( drawing 4 ) / // 250 ] inadequate in polarization, 
and although three k31 oscillation modes are seen by mm in 500v [ mm ] ( drawing 5 ) /and 700v 
( drawing 6 ) /, this is because there are two or more domains in the direction which intersects 
perpendicularly in the direction of polarization. 

[0025] The domain in the direction which intersects perpendicularly in the direction of polarization 
is a single domain, and as for the value of k31, k33 of the direction of polarization shows >95% at 
the same time it fills >80%, so that clearly [v / ( drawing 7 ) //mm / 1000 ] from an impedance curve. 
Although it separated into two or more domains again in mm in 1600v ( drawing 8 ) /and the value 
of k33 was >95%, the value of k31 is 61%. Moreover, the values fc31 of the frequency constant 
(fc31=fr-L) which is the resonance frequency (fr) of the longitudinal direction oscillation mode and 
the product of the oscillating lay length (L) of a component about k3 1 of each sample were [ in the 
sample number 4 / in 741 Hz-m and a sample number 5 / in 601 Hz-m and a sample number 6 ] 700 
Hz-m in 522 Hz-m and a sample number 8 at 603 Hz-m and a sample number 7. The condition of the 
domain within the field which intersects perpendicularly in the direction of polarization after 250v /, 
500v /, lOOOv /, and 1600v [/mm ] impression mm mm is shown in drawing 9 . [ mm ] 
[0026] In drawing 9 , although mm is [v / // 250 ] inadequate in polarization and it is two or more 
domains (multi-domain) in mm in 500v /, k31 becomes large by the synergism of the polarization 
component in connection with k31. By mm, it becomes a single domain in lOOOv /, and by mm, it 
becomes two or more domains in 1600 morev /, and k31 becomes small by the phase bactericidal 
action of the polarization component in connection with k31. the inside of this invention — high — 
k33 (d33) — high — the domain arrays from which k31 (d31) is obtained were 500v [ mm ] /and 
lOOOv/mm. When the temperature of a silicone oil was dropped to the room temperature, impressing 
400v [/mm ] direct-current electric field for the component of the same setup, and a sample number 9 
in a 200-degree C silicone oil on the other hand, the electromechanical coupling coefficient k33 of 
the direction of polarization (lengthwise direction oscillation mode) was >=80%, and the 
electromechanical coupling coefficient k3 1 of the direction (longitudinal direction oscillation mode) 
which intersects perpendicularly in the direction of polarization was >70%. fc3 1 at this time was 609 
Hz-m. In the sample number 10, the component of the same setup was immersed into the 60-degree 
C silicone oil, and 400v [/mm ] direct-current electric field were impressed for 120 minutes. 
Consequently, although the electromechanical coupling coefficient k33 of the direction of 
polarization (lengthwise direction oscillation mode) was >95%, the electromechanical coupling 
coefficient k31 of the direction (longitudinal direction oscillation mode) which intersects 
perpendicularly in the direction of polarization was <30%. 

[0027] Moreover, although the electromechanical coupling coefficient k33 of the direction of 
polarization (lengthwise direction oscillation mode) was >90% in the sample number 1 1 when 1500v 
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[/mm ] direct-current electric field were impressed to the component of the same setup for 10 
minutes, the electromechanical coupling coefficient k3 1 of the direction (longitudinal direction 
oscillation mode) which intersects perpendicularly in the direction of polarization was <30%. fc(s)31 
of a sample number 10 and a sample number 1 1 were 981 Hz-m and 1004 Hz-m, respectively. It is 
thought that this result comes from the domain array which suppresses longitudinal direction 
vibration. 

[0028] Thus, by setting up polarization conditions (applied voltage, temperature, etc.) appropriately, 
the domain condition at the time of polarization and the value of k33 and k31 depending on it are 
controllable, moreover, the thing for which the temperature requirement, the polarization electric- 
field value range, impression time amount range, and the impression approach of the process cooled 
impressing 400v/mm - 1500v [/mm ] direct-current electric field not only in the example shown here 
but in a 20 degrees C - 200 degrees C temperature requirement for a maximum of 2 hours, or 
impressing electric field are used — the above-mentioned example of **** — ** — it is checked that 
same dielectricity and piezo-electric property are acquired. 

[0029] Furthermore, it is related with the process cooled impressing 400v/mm - 1500v [/mm ] direct- 
current electric field in a 20 degrees C - 200 degrees C temperature requirement for a maximum of 2 
hours, or impressing electric field. The process of the depolarization held at 200 degrees C more than 
Curie temperature for 1 hour is inserted. It is checked also by repeating the process of the process 
cooled impressing 400v/mm - 1500v [/mm ] direct-current electric field in a 20 degrees C - 200 
degrees C temperature requirement for a maximum of 2 hours, or impressing electric field that the 
property shown in the 1st invention and the 2nd invention improves. These results The direction 
which intersects perpendicularly in the direction of polarization as [ show / in drawing 10 / when it 
arranges with the value of the electromechanical coupling coefficient k3 1 of the (longitudinal 
direction oscillation mode), the resonance frequency (fr) in the k3 1 mode, and the frequency constant 
(fc31=fr-L) that is the product of the oscillating lay length (L) of a component ] — high — k33 — high 
— the field of k31 — high — k33 — It turned out that a field low [ k31 ] is obtained considering the 
range of the value of a frequency constant (fc31=fr-L) as an axis of abscissa. 
[0030] Although the conventional example and the reference value were also indicated to 
coincidence at drawing 10 In the conventional example and a reference value, there is a value of the 
resonance frequency (fr) in the k31 mode and the frequency constant (fc31=fr-L) which is the 
product of the oscillating lay length (L) of a component in the middle of claims 1 and 2 of this 
invention. As clarified by this invention, it is in the field where the domain control of the direction of 
polarization and the direction which intersects perpendicularly is inadequate, therefore it is thought 
that the value of k31 varies. 

[0031] Next, the process which controls the direction of the ferroelectric domain of the direction 
which impresses electric field in the direction which intersects perpendicularly in the direction of 
polarization of a single crystal piezoelectric device, and intersects perpendicularly in the direction of 
polarization, The process which carries out heating cooling of the single crystal piezoelectric device 
on both sides of the transition temperature of rhombohedral [ which is the hypothermic phase of this 
piezo-electric single crystal ingredient ], and ****** which is a moderate temperature phase (1), Or 
the process which carries out heating cooling on both sides of the Curie temperature which is ****** 
of this piezo-electric single crystal ingredient, a ferroelectricity, and piezoelectric disappearance 
temperature (2), Or the process which carries out heating cooling within a parent phase (3), Or the 
process (4) which combined suitably said process (1), (2), and (3) is performed. Subsequently, the 
example which performed the process cooled impressing 400v/mm - 1500v [/mm ] direct-current 
electric field in a 20 degrees C - 200 degrees C temperature requirement for a maximum of 2 hours, 
or impressing electric field is **(ed) and explained in Table 2. The measurement of d33 in Table 2, 
calculation of k33 value, measurement of k31, d31, and fc31, and count are the same as that of Table 
1. 

[0032] Before the process of the process cooled impressing 400v/mm - 1500v [/mm ] direct-current 
electric field in a 20 degrees C - 200 degrees C temperature requirement for a maximum of 2 hours, 
or impressing electric field in a sample number 12 The golden electrode was produced by the spatter 
to two fields (010) 13 which intersect perpendicularly with the field (001) 1 1 of drawing 3 , and 
counter the component of the same configuration as the above-mentioned single crystal piezo 
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electric crystal component as shown in drawing 1 1 , and in the 40-degree C silicone oil, lOOOv 
[/mm ] direct-current electric field were impressed for 10 minutes, and were polarized- The process 
cooled the etching reagents having removed this golden electrode, producing a golden electrode by 
the spatter to two fields (001) 1 1 which is further shown in drawing 3 , and which counter, and 
impressing 400v/mm - 1500v [/mm ] direct-current electric field in the 20 degrees C - 200 degrees C 
temperature requirement shown in the above-mentioned example for a maximum of 2 hours, or 
impressing electric field after taking out a component was carried out, and dielectricity and a piezo- 
electric property were measured. 

[0033] Consequently, as shown in the sample number 12 of Table 2, 2810 pC/N was obtained by the 
piezo-electric distorted constant d33 97.3% with the electromechanical coupling coefficient k33 of 
the direction of polarization (lengthwise direction oscillation mode). Moreover, -2380 pC/N was 
obtained by the piezo-electric distorted constant d31 85.5% with the electromechanical coupling 
coefficient k31 of the direction (longitudinal direction oscillation mode) which intersects 
perpendicularly in the direction of polarization. The value fc31 of the frequency constant (fc31=fr-L) 
which is the resonance frequency (fr) of the longitudinal direction oscillation mode and the product 
of the oscillating lay length (L) of a component about k31 was 483 Hz-m. 

[0034] Before the process cooled impressing 400v/mm - 1500v [/mm ] direct-current electric field in 
a 20 degrees C - 200 degrees C temperature requirement for a maximum of 2 hours, or impressing 
electric field in sample numbers 13, 14, and 15 The component of the same configuration as the 
above-mentioned single crystal piezo electric crystal component was immersed into the silicone oil, 
respectively, and a 3 times temperature rise and descent were further repeated [ the temperature 
requirement (50-90 degrees C and 150-200 degrees C) ] for the 200-400-degree C temperature 
requirement in a cycle of 30 minutes within the temperature tub. Then, the golden electrode was 
produced by the spatter to two fields (001) 1 1 which is shown in drawing 3 and which counter, the 
process cooled impressing 400v/mm - 1500v [/mm ] direct-current electric field in the 20 degrees C - 
200 degrees C temperature requirement shown in the above-mentioned example for a maximum of 2 
hours, or impressing electric field was carried out, and dielectricity and a piezo-electric property 
were measured. Consequently, at the sample number 13, 2840 pC/N was obtained by the piezo- 
electric distorted constant d33 97.5% with the electromechanical coupling coefficient k33 of the 
direction of polarization (lengthwise direction oscillation mode). 

[0035] Moreover, it was the electromechanical coupling coefficient k31 of the direction (longitudinal 
direction oscillation mode) which intersects perpendicularly in the direction of polarization, and 
85.3%, by the piezo-electric distorted constant d31, -2360 pC/N was obtained with the 
electromechanical coupling coefficient k33 of the direction of polarization (lengthwise direction 
oscillation mode), and 2880 pC/N was obtained by the piezo-electric distorted constant d33 97.8% at 
the sample number 14. 

[0036] Moreover, it was the electromechanical coupling coefficient k31 of the direction (longitudinal 
direction oscillation mode) which intersects perpendicularly in the direction of polarization, and 
85.3%, by the piezo-electric distorted constant d31, -2350 pC/N was obtained with the 
electromechanical coupling coefficient k33 of the direction of polarization (lengthwise direction 
oscillation mode), and 2820 pC/N was obtained by the piezo-electric distorted constant d33 97.4% at 
the sample number 15. Moreover, -2380 pC/N was obtained by the piezo-electric distorted constant 
d31 85.6%, respectively with the electromechanical coupling coefficient k31 of the direction 
(longitudinal direction oscillation mode) which intersects perpendicularly in the direction of 
polarization. The value fc31 of a frequency constant (fc31=fr-L) was [ at 503 Hz-m and a sample 
number 14 ] 437 Hz-mm in the sample number 13 in 506 Hz-m and a sample number 15. 
[0037] In the sample number 16, 400v [/mm ] direct-current electric field were impressed, having 
produced the golden electrode by the spatter to two fields (010) 13 which intersect perpendicularly 
with the field (001) 1 1 of drawing 3 , and counter, as shown in drawing 11 , having been immersed 
into the silicone oil, and repeating a 3 times temperature rise and descent for a 1 50-200-degree C 
temperature requirement in a cycle of 30 minutes. The process cooled the etching reagent's having 
removed this golden electrode, producing a golden electrode by the spatter to two fields (001) 1 1 
which is further shown in drawing 3 , and which counter, and impressing 400v/mm - 1500v [/mm ] 
direct-current electric field in the 20 degrees C - 200 degrees C temperature requirement shown in 
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the above-mentioned example for a maximum of 2 hours, or impressing electric field after taking out 
a component was carried out, and dielectricity and a piezo-electric property were measured. 
Consequently, 2870 pC/N was obtained by the piezo-electric distorted constant d33 97.8% with the 
electromechanical coupling coefficient k33 of the direction of polarization (lengthwise direction 
oscillation mode). Moreover, -2450 pC/N was obtained by the piezo-electric distorted constant d31 
86.0% with the electromechanical coupling coefficient k31 of the direction (longitudinal direction 
oscillation mode) which intersects perpendicularly in the direction of polarization. The value fc3 1 of 
a frequency constant (fc31=fr-L) was 415 Hz-m. 

[0038] In addition, it intersects perpendicularly with the field (001) of drawing 3 , and as another 
field which counters, after impressing direct-current electric field to face-to-face [ of drawing 1 1 ] 
(100), even if it carries out the process cooled impressing 400v/mm - 1500v [/mm ] direct-current 
electric field in a 20 degrees C - 200 degrees C temperature requirement for a maximum of 2 hours, 
or impressing electric field, it is checking that the same effectiveness is acquired. 
[0039] Before the process cooled impressing 400v/mm - 1500v [/mm ] direct-current electric field in 
a 20 degrees C - 200 degrees C temperature requirement for a maximum of 2 hours, or impressing 
electric field in a sample number 17 A golden electrode is attached to two fields (010) 13 which 
intersect perpendicularly with the field (001) 1 1 of drawing 3 , and counter the component of the 
same configuration as the above-mentioned single crystal piezo electric crystal component as shown 
in drawing 1 1 by the spatter. The peak value of 500v/mm and the bipolar triangular wave electric 
field of periodic 800msec were impressed for 10 minutes in the 60-degree C silicone oil. The wave 
of a bipolar triangular wave was shown in drawing 13 . The process cooled the etching reagent's 
having removed this golden electrode, producing a golden electrode by the spatter to two fields (001) 
1 1 which is further shown in drawing 3 , and which counter, and impressing 400v/mm - 1500v 
[/mm ] direct-current electric field in the 20 degrees C - 200 degrees C temperature requirement 
shown in the above-mentioned example for a maximum of 2 hours, or impressing electric field after 
taking out a component was carried out, and dielectricity and a piezo-electric property were 
measured. Consequently, 2780 pC/N was obtained by the piezo-electric distorted constant d33 
97.1% with the electromechanical coupling coefficient k33 of the direction of polarization 
(lengthwise direction oscillation mode). Moreover, -230 pC/N was obtained by the piezo-electric 
distorted constant d31 18.3% with the electromechanical coupling coefficient k31 of the direction 
(longitudinal direction oscillation mode) which intersects perpendicularly in the direction of 
polarization. The value fc31 of a frequency constant (fc31=fr-L) was 863 Hz-m. 
[0040] Before the process cooled impressing 400v/mm - 1500v [/mm ] direct-current electric field in 
a 20 degrees C - 200 degrees C temperature requirement for a maximum of 2 hours, or impressing 
electric field in sample numbers 18, 19, and 20 The component of the same configuration as the 
above-mentioned single crystal piezo electric crystal component was immersed into the silicone oil, 
respectively, and a 3 times temperature rise and descent were repeated for the temperature 
requirement (50-90 degrees C, 150-200 degrees C, and 200-400 degrees C) in a cycle of 5 minutes. 
Then, the golden electrode was produced by the spatter to two fields (001) 1 1 which is shown in 
drawing 3 and which counter, the process cooled impressing 400v/mm - 1500v [/mm ] direct-current 
electric field in the 20 degrees C - 200 degrees C temperature requirement shown in the above- 
mentioned example for a maximum of 2 hours, or impressing electric field was carried out, and 
dielectricity and a piezo-electric property were measured. 

[0041] consequently — a sample number 18 — the electromechanical coupling coefficient k33 of the 
direction of polarization (lengthwise direction oscillation mode) — 97.0% and the piezo-electric 
distorted constant d33 — 2760 pC/N — moreover, -260 pC/N was obtained by the piezo-electric 
distorted constant d31 18.6% with the electromechanical coupling coefficient k31 of the direction 
(longitudinal direction oscillation mode) which intersects perpendicularly in the direction of 
polarization, a sample number 19 — the electromechanical coupling coefficient k33 of the direction 
of polarization (lengthwise direction oscillation mode) — 97.3% and the piezo-electric distorted 
constant d33 — 2810 pC/N — moreover, -190 pC/N was obtained by the piezo-electric distorted 
constant d31 17.8% with the electromechanical coupling coefficient k31 of the direction 
(longitudinal direction oscillation mode) which intersects perpendicularly in the direction of 
polarization. 
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[0042] a sample number 20 — the electromechanical coupling coefficient k33 of the direction of 
polarization (lengthwise direction oscillation mode) — 97.2% and the piezo-electric distorted 
constant d33 — 2790 pC/N — moreover, -220 pC/N was obtained by the piezo-electric distorted 
constant d31 18.2%, respectively with the electromechanical coupling coefficient k31 of the 
direction (longitudinal direction oscillation mode) which intersects perpendicularly in the direction 
of polarization. The value fc31 of a frequency constant (fc31=fr-L) was [ at 836 Hz-m and a sample 
number 19 ] 847 Hz-m in the sample number 18 in 892 Hz-m and a sample number 20. 
[0043] In the sample number 21, 400v [/mm ] direct-current electric field were impressed, having 
produced the golden electrode by the spatter to two fields (010) 13 which intersect perpendicularly 
with the field (001) 1 1 of drawing 3 , and counter, as shown in drawing 1 1 , having been immersed 
into the silicone oil, and repeating a 3 times temperature rise and descent for a 150-200-degree C 
temperature requirement in a cycle of 5 minutes. The process cooled the etching reagent's having 
removed this golden electrode, producing a golden electrode by the spatter to two fields (001) 1 1 
which is further shown in drawing 3 , and which counter, and impressing 400v/mm - 1500v [/mm ] 
direct-current electric field in the 20 degrees C - 200 degrees C temperature requirement shown in 
the above-mentioned example for a maximum of 2 hours, or impressing electric field after taking out 
a component was carried out, and dielectricity and a piezo-electric property were measured. 
Consequently, 2850 pC/N was obtained by the piezo-electric distorted constant d33 97.7% with the 
electromechanical coupling coefficient k33 of the direction of polarization (lengthwise direction 
oscillation mode). Moreover, -150 pC/N was obtained by the piezo-electric distorted constant d31 
17.6% with the electromechanical coupling coefficient k31 of the direction (longitudinal direction 
oscillation mode) which intersects perpendicularly in the direction of polarization. The value fc31 of 
a frequency constant (fc31=fr-L) was 924 Hz-m. 

[0044] The process which performs final polarization on the occasion of the above-mentioned 
domain control piezo-electricity single crystal component, In namely, the preceding paragraph of the 
process cooled impressing 400v/mm - 1500v [/mm ] direct-current electric field in a 20 degrees C - 
200 degrees C temperature requirement for a maximum of 2 hours, or impressing electric field How 
to impress electric field in the direction of polarization, and the direction which intersects 
perpendicularly, and control the alignment condition of the ferroelectric domain of the direction of 
polarization, and the direction which intersects perpendicularly, The process which carries out 
heating cooling on both sides of the transition temperature of rhombohedral [ which is the 
hypothermic phase of a piezo-electric single crystal ingredient ], and ****** which is a moderate 
temperature phase (1), Or Curie temperature which is ****** of a piezo-electric single crystal 
ingredient, a ferroelectricity, and piezoelectric disappearance temperature (at an elevated 
temperature, from this temperature) this piezo electric crystal single crystal ingredient — a cubic 
(parent phase) — becoming — the process (2) which inserts and carries out heating cooling — Or the 
process which carries out heating cooling within a parent phase (3), Or the approach of controlling 
the alignment condition of the ferroelectric domain of the direction which intersects perpendicularly 
with the direction of polarization according to the process (4) which combined a process (1), (2), and 
(3) suitably and the process which impresses electric field in the direction which intersects 
perpendicularly in the direction of polarization of a single crystal piezoelectric device, Enforcing the 
approach of controlling the alignment condition of the ferroelectric domain of the direction which 
intersects perpendicularly with the direction of polarization according to the process which uses 
together the process which carries out heating cooling of the single crystal piezoelectric device Two 
or more domains under crystal generated in the annealing process at the time of crystal training by 
carrying out each above-mentioned process The domain structure of the direction which intersects 
perpendicularly in the direction of polarization in the process which performs final polarization of 
the domain control single crystal piezoelectric device which should be controlled more nearly human 
and manufactures the above-mentioned domain control piezo-electricity single crystal component In 
order to raise the dielectricity and the piezo-electric property as used in the field of effective in order 
to control more easily and invention of the 1st of this invention, and the 2nd invention, it turned out 
that it is effective. 
[0045] 

[Effect of the Invention] The domain control piezo electric crystal single crystal component and its 
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manufacture approach of this invention Since it is constituted as mentioned above, for d33, 800 or 
more pC/N and **** k31 are [ k33 ] coincidence at 70% or more to coincidence in 80% or more. - 
d31 is 1200 pC/N (the definition top d31). More than it had a negative value, when it carries out, 
manufacture of the piezo-electric single crystal component which used k3 1 effectively is possible. 
For d33, 800 or more pC/N and k31 are [ k33 ] coincidence at 30% or less to coincidence in 80% or 
more. - d31 is 300 pC/N (the definition top d31). When it was made the following with a negative 
value, since there was no spurious generating into the use band of the oscillation mode of k33, the 
k33 mode could be used still more efficiently, and it became possible to obtain the piezo-electric 
single crystal component of lengthwise direction (k33) oscillation mode use of high performance 
more. 
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precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the typical perspective view of the crystal structure. 
[Drawing 2] It is the phase diagram of PZN-PT (PZNT). . 
[Drawing 3] It is the explanatory view of electric-field impression. 
[Drawing 4] It is drawing of the impedance curve of k31 oscillation mode. 
[Drawing 5] It is drawing of the impedance curve of k31 oscillation mode. 
[Drawing 6] It is drawing of the impedance curve of k31 oscillation mode. 
[Drawing 7] It is drawing of the impedance curve of k31 oscillation mode. 
[Drawin g 8] It is drawing of the impedance curve of k31 oscillation mode. 

[Drawing 9] It is drawing of the condition of the domain within the direction (thickness direction) 
side of polarization after electric-field impression. 

[Drawing 10] It is the graph of the value of an electromechanical coupling coefficient k31, the 

resonance frequency (fr) of k31 oscillation mode, and the frequency constant (fc31=fr-L) that is the 

product of the oscillating lay length (L) of a component. 

[Drawing 11] It is the explanatory view of electric-field impression. 

[Drawing 12] It is the graph of k33 pair d33. 

[Drawing 13] It is the wave form chart of a bipolar triangular wave pulse. 
[Description of Notations] 

10 Piezo-electric Single Crystal Component 

1 1 Electrode Surface (001) 

12 Electric Field 

1 3 Electrode Surface (010) 
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[Drawing 2] It is the phase diagram of PZN-PT (PZNT). 
[Drawing 3] It is the explanatory view of electric-field impression. 
[Drawing 4] It is drawing of the impedance curve of k31 oscillation mode. 
[Drawing 5] It is drawing of the impedance curve of k31 oscillation mode. 
[Drawing 6] It is drawing of the impedance curve of k31 oscillation mode. 
[Drawing 7] It is drawing of the impedance curve of k31 oscillation mode. 
[Drawing 8] It is drawing of the impedance curve of k3 1 oscillation mode. 

[Drawing 9] It is drawing of the condition of the domain within the direction (thickness direction) 
side of polarization after electric-field impression. 

[Drawing 10] It is the graph of the value of an electromechanical coupling coefficient k3 1 , the 

resonance frequency (fr) of k31 oscillation mode, and the frequency constant (fc31=fr-L) that is the 

product of the oscillating lay length (L) of a component. 

[Drawing 11] It is the explanatory view of electric-field impression. 

[Drawing 12] It is the graph of k33 pair d33. 

[Drawing 13] It is the wave form chart of a bipolar triangular wave pulse. 
[Description of Notations] 

10 Piezo-electric Single Crystal Component 

11 Electrode Surface (001) 

12 Electric Field 

1 3 Electrode Surface (010) 
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mRM H3 IC^-Tcfca^6®*< (10 0) ffi-Cffl 

**ifc«aa 1 oco-oo^fsj-r^) (ood si i i^^ 

iaf B 1l:2 5 0V/mm (K»*^ 4 ) . 
5 00V/mm (KftB^-5) . 7 00V/mm (5**4 
.1 0 0 0 V/mm (K»B^ 7 ) , 1600 
V/mm (K*4»-*8) <D*S#£l 0»MHl»Lfc« 
"COO. k31^— K©* >fcf— $f>X* — ?£04~III8 
iC^Lfco 2 50V/mm (H4) T*l*. »a^+»<0 
ttffl-Ci&y. 500V/mm (B5) . 7 00V/mm 
(B6) T*ht. 3 0(Dk3ifi»=E— K3b<fl.5»ii4A^ - 

[0025] 1 000V/mm (0 7) "CI*, -f > tf— 
*B-C0)K>-f K^-f ^ittoTfey* k3i© 

m\t> s o%*ssfc-rti^Kiic^a^(p]a> k33*> s 5 

%£?F"*"o 1 60 0V/mm (B8) Tl*. MIS. 2? 
B±0K^^>l=»IIL, k33©ffl(*>9 

k3itf>ffil46 1 %T*fc£ 0 X. *4l-P4l<DKfl(7) k 

^tn^fto^ ( l ) (f c 

31= f r • L) COM f C31I*. H»B#4T?7 4 1Hz 



• m. f*»#-^ 5 T* 6 0 1 Hz • rru afil§61?6 0 
3 H z • m. f**4S^7T?5 2 2 H z • m. 8 
V7 0 OH z • mtfeofco 2 5 0V/mm, 500V 
/mm. 1 000V/mm» 1 6 0 0 V/mmfiPtttt© 

#a*fijiciss-r*ffirt(D ^ >o)^^i9i:^ 

[0 O 2 6] g|9|Cfcl>T. 2 5 0 V/mmV\Z#&* 

SOOV/mm-ClittBthV-O 
K>-f» T*&£tf. k31l=H^4»aa»©«*fl£ffl 
•Ck3l^^<^f^)o 1 OOOV/mmt'lii-hV-f 
JfC)|C1 600V/mmtlia»K^-f>t 

fty, k3ii-H2b*»arii»a)«iSffffl-ek3i3!)</ha? < 

ft£ e *^B^^r*jgk33 (d33) . ^k3i (d3i) 

KV -Oifi*tJ(45 0 0 V/mm. 1 000V/m 
m"Cfcofc. BaftBSO)*^ t**4#^9£2 

OO'CO^Ua^t^^*^ 4 00V/mm©ESM 

e*«»k33i*^s o%r*fcy. tta^fli-its-r** 

IS] K) 0)«ft««te^«»k3ll*>7 

0%7?&ofc 0 CI CO CD f c 31 (4 6 0 9 H z • m^fe-D 
fco IS*4#^1 0T?I4. IBCHSfl)3l»S 6 0°CCDvU 
3>t^^l:aiL, AOOV/mm^KMSl 

2 0#rWSMJDLfc. #a:fcfil (B^filfiBl^ 

— K) <D«»«««*«*k33l*>9 

#a*fiii=nBM-4:&fii o>mSa«£ 

««£«»k3il*<3 

[0027] bwmhm im ^CH«a>*^ir 

1 5 00V/mm(DtiSi^Sl 0 ^93*0^4 1 . # 
fi^fi K) (D«*««IS*€6»k33l* 

>9 0%t'fcofc^ ^Sl^rSllcit^-r^^fS] (a%A 
tllft^-K) (D«*a«ttd«»k3ltt<3 0%T?fco 
fco i*¥4#-^1 0&tfH*MHM 1©f C31I*. ^H^P 
tt9 8 1 Hz ■ mlklS 1 0 0 4Hz • m"efeofr 0 

iuri*. a*iaa»*wx«K>-f >EM6^<*ta> 
[0028] za>*^i^»aife# (Hiai«tt. 
i/. ^Hicflc^-r^k33, k3i©a««i«i-r*ci:tf-e 

^l)o X. ZZ|C^Lfcglffi«(CKb-r. 2 0°C-2 0 
0°CC7);SJSiGS*C 4 0 0 V/mm— 1 5 0 OV/mmCD 
It3lE«*$**2«Mffl»|-r«3!i^XI4«ff*WttLfc* 

*^a*r*xao>aftttB. #a«iMiiiEB. b«id»ih 

[00 2 9] MIC. 2 0°C~ 2 0 0°C<D;£JtfQai:4 0 
OV/mm-1 5 0 0 V/mm(DItjjfLS^^^^:2B$F B 1 

^a^XfI$}*A/T*. 2 0°C- 2 0 0 o CCDSglGHr* 4 
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0 0 V/mm~ 1 5 0 0 V/mmCOi£35a^^^^ 2 B$ 

#mj5foizw.&Ttz>j5fo (a^ipjfiis^- k) a> 

r) t^CDSi!)*lfi]<7)^^ (L) (Df8T?fc£Ji&S5£ 
» ( f c31= f r • L) (OfilT^-r^irgll oic^-r 
«fc5^Sk33. Sk3iCDS^4t^k33. ffi k 31 

ji&&5£ifc ( f 031= f r ■ D omcD&mzmnti, 
[0030] fe*MRif*Mmi,mm\zmi okjekl 

SSSt (f c31=f r • L) <&{S7b<*^0)Ii3jUg 1 . 

(2) . xi*. Kaffi«t?ttn»»ai-r*xs o> . x 
i*. mexa en . (2) . (3) 

fcXff (4) £m\ ft(,vC2 0°C~2 0 0°COSg® 
H~e 4 0 0 V/mm~ 1 5 0 0 V/mm(7)lt5Sm^S ^ 

8 *^To/cHife«lJICOl>T^2|ClljL-Cl^BJ^-^ 0 £2 
4>4>d33(Da£« k33ffiO)fftl3. k3i, d3i % f c3i(£> 

[O 0 3 2] Kfff#1 2 -CI*. 2O°C-2OO°C0);g 
4 0 0 V/mm~ 1 5 0 0 V/mm(7>E;!5EBJ^ 

SxfKDXfKDfiJI^. ±K<D*»llEStt*^£l^i:fl3 
ttOiR^lC. HI 1 ir^-TJ; 5 1^0 3(0 (00 1) SI 

1 <fcH£LT*frS]-r£ 2o© (oio) ®i 3ic*fiai 

L, 4 0°C(7)v l J=J>^^jU4 3 *r?1 
OOOV/mmO)i3lti|i$1 0#MH1*D L#*ILfc. 

U MU:l2 3ic^-a--o(0**iRi7ra (ooi) Hi i fz 

£*a**/w*»-efM»u ±Bsat«t*Lfc2o 

°C~ 2 0 0°C(7);SJtJEffl*C*4 0 0 V/mm~ 1 5 O O V 

/mmo>issiaff*«*2ftmH3iD-r4^xi*«**En 
[oo3 3] *<Dtsm. mzomm^i 2\Z7r^^5 



k 33^9 7. 3%. ElI^d33T*2 8 10pC/N 

£»fc. x. tt&^flicfiStira:*!*] (tS^fiiiBrt- 
K) CDSSia«IS^«ak3l*t?8 5. 5%. 
d3lT*-2 3 80pC/N£^fc c k 31 frM* 

an%~ Ka>*UM*lk (f r) ti^sisis]a)i 

$ (L) <DfcV&&m&8lfc%l ( f C31= f r • L) (D 
fit f c3!li. 4 8 3 H z • m-Cfeo/io 
[0 0 3 4] 3. 14, 1 5Tlt 2 0°C- 

2 O 0°C(D;SSgiT'4 O O V/mm- 1 5 0 0 V/m 

m©itatm»* a* 2 vsmmtnT 4^xf*as*m*p l 

U 5 0-9 0°C, 1 5 0-2 0 0°CO)}UJg^ffi£. M 
lzaS«fl-C2 0 0-4 O 0°CC0aiStEffl^3 OMRtA 

a e3Baa±»-TR«iiysLfe. 031^ 
-r~oa>»ifij-r4 iood hi i 

iit^SL, ±IBS6tfiflTf^Lfc2 0°C- 2 0 Ot©S 
SilTMOOV/mm-1 5 0 0 V /mm(7)fi35m# 

0)«ft««ed«»k33-e9 7. 5%. S*S3£Ckd33 
T'284 0p C/NjUfc. 

[0035] x. #a*fiiirit3w«*iPi («*nan 
^-K) om^««^^stk 3 ir*8 5. 3%. e®^ 

3£&d3l-e- 236 0pC/Nf, S4*4S^ 1 

asisj (jfit^isjfiis^— K) a>mft««a^«»k33"e 

97. 8%. El^SSd 33t* 2880pC/Njf 

[0036] x. (««nm 

*-K) a)«fttt«««flkfkk3i^8 5. 3%. E®3i 

£&d3lT?-2 3 50pC/Nf, 1^*4 1 

T*97. 40^ a«agj»d33-C2 8 2 O p C/"N£*# 

fco x. jMranicKx-rft^n k> 

(D«ft««IS*«»k3i-e8 5. 6%. Em^S^d31 
TP- 2 3 8 0 pC/N^-^^^tU^/io flSBCR ( f 
031= f r - L) Otf c31»*. K#4S^ 1 3Vit. 5 
O 3 H z • m. K«S-^ 1 4 Trli. 5 O 6 H z ■ m. K 
*4#-^1 5Vlt. 4 3 7 H z • mmt&of:, 
[0 0 3 7] 1 6 m 1 1 iZTjk-t cfc 5 B 

30 (001) SI U15Lt^tl>2 0a) (01 
O) Hi 3 *S&-eft»U v'J3>t 

-f;u*iwaau. 1 5 0-2 O o°ccoa£fE@B£ 3 O^ 

»M-c3iaaa±» -TKsayaLa^fe* m.%tnn 

4 0 0 V/mm*BllPLfc« *^-*»yaSLfcfci:. X 

arsi-r* toon hi i i:*tasx/<v>a-cftB 

4 0 0 V/mm- 1 5 0 0 V/mm<7)lt3£®^^M^: 2 
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msL. mm • EE«»it*aiSLfc. fogs> #a;s 

(ja^lPjSiS^E- K) CO®fv&«g£SStk 33^*9 

7 . 8 %. EEm^Sfc d 33T* 2 87 0pC/N 

X. ttaSfSJlcfiSTr&^fi («*|p3«iS^- K) com 

^®«&£&Sk 3 i-t?8 6. 0%. am^S»d3ir— 
2 4 5 O p C/N @jft»S» < f c31= f r • 

L) (DM f c3lli. 4 1 5 H z ■ m-Cfcofro 

[0038] n» % n3co (ooD atusLTaiPi-r 

£>5j'J<03] £ LT* 1110(100) BMI-it3S«*S' 
HMnSL 2 0°C- 2 0 0°CO);^It 4 O O V/mm 
-1 5 0 0 V/mmO>ltta«#*»*2^mB3*p-rS^ 

[003 9] H»«#1 7*CI4* 2 0 o C-2 0 0°C0)S 
igffiffll? 4 0 0 V/mm- 1 5 0 0 V/mmCOlSlftliJ?. 

TIC B 1 1 [ZTji^Jz 5 I -HI 3 <D (0O1) 11 1 
3ELT»|firr«2O0> (0 10)11 3|::*«a£X/< 
^*T?OM\ 6 OtOv'J 3>t-f ji/tte^is O 

OV/mrru ^^8 0 Oms e cO/W*-7Hfl;ti 

»si o»p B iai*nLfc 0 ^HftaftaaMPSBii 

3(c^Lfco SHF-SttyUJLfcfci:* i7f>y«-eK 
ft«a£tt£U Hie ID 3 ir^-f -OCDttfi-T £ (OO 
1) ffii 1 Ir^mil*^/^>^^^^S!L. ±iantfe« 

"C5*Lfc 2 0°C- 2 0 0°CCD;gJg®HT*4 0 O V/mm 

-1 5 o o v/mm(Dit / ; 5Sm^^^:2^r B iqi*a-r^7b> 
Xl4«#*ffltoLfc**3frffl^4xB£S6»£U BIB- 
E«Wtt*«3ELfc. *a>*SSL #a*lS] UK&fflMft 
^E-K) k 331*9 7. 1%, Ell 

3£&d33^2 7 8 0 p C/N^^tr 0 X. #8*6) Kit 

(ai^fiiaM*- K) om^««*g^^sftk 

31T*18. 3%. EllS»d3it— 2 3 O p C/N S 
mtzo JHXSMEft ( f C31= f r ■ L) 0)41 ff C31I*. 

8 6 3 H z • m"Cfeofr 0 

[0040]a«f^18, 19, 20"CI4* 20°C- 
2 O 0°Cd5;MiT? 4 O O V/mm- 1 500V/m 
m<DlS3E«ffS*k* 2 BSFplEPJja-f «3^XI4«#* EPJiD L 

L. 50-90°C, 1 50~2 00°C, 200 — 400 
°Ca>5aKfiffl*5»««BT?3lHl;aft±» • TK*»yiS 
LtZo £]3lC^-fXOCD*fjS]^£ (00 1) ® 

1 1 i:*lSJX/N e '^;^aL, ±E*lt«-C^L 
2 0°C — 2 O 0 0 C(D;^S^ffl'C?4 O O V/mm— 1 5 
O O V/mm<DlE;*?L®^£ 2 B5Fe]EPflO^"<5>£ N XI41il 

[004 1] -t-a>$8»* tt»##1 8T*I4. #ti*|fiJ 



(«*|SJS»^E— K) <Dli«aa»&«ttk33^9 7. 
0%. EliSad33t2 7 60pC/N$, X. 

^SKax-TiSfil (tt^ASM^-K) <Dffifaa«J8 

^^Stk3lT*18. 6%. EaSffi»d3lT?-2 60 p 
C/N^; 0 K*«HM 9TM4, ttS^ft dS^S 
■HE— K) 0>«»««lS*«ak33-C9 7. 3%. EB 
^^Sfed33"^2 810pC/N$, X, &a^lR)l=lK& 

■tzjjft (**bsb^-k) k 31 

"CI 7. 8%, Eilfad3lt'-1 9 0pC/N$i 

fee 

[0042] ««»•«§■ 2 or*i4. mijfomm 

=E-n 0>«»«««««»lc33-e9 7. 2%. ESS 
SU(d33t*2 7 90 pC/N^, X. tfS^AKlt^ 

4^[fi] (a^an^— n a)«»a«e^«»k3i-c 

18. 2%. Em^SStd3lT*-2 2 O p C/N^^-+i 
**l»fc. B»»S» ( f c31= f r ■ L) (Dffl f C31 
14. Ktt»# 1 8 "CI4. 8 3 6 H z • rm t**4#-^ 1 9 
T*I4. 8 9 2Hz - m. R«*#2 0"CI4. 8 4 7 H z 

[0 0 4 3] f**4§^2 1 r-14. B1 1 ic^-f «fc5KEI 

3 CO (001) 11 1 ^fiSLTfctrSj-r* 2 0(7) (O 1 
O) i1 3lc£«a*X/<^*&T?ttSlU 2/'Ja>* 
-OU+lc«»U 1 5 0-2 O OttDSBMSBS- 5»« 

iri-*"* (ooD ffii 1 jc*«asx/<*>*aTff» 

U ±IBHffi^l-C^Ltr 2 0°C-2 O 0°CO);aSffiffl-e 

4 0 0 V/mm— 1 5 0 0 V/mm(0lE3S®^^g^: 2 
ftr B 1Hi*n-r*A^XI4«#SHi*P Lfc***»t4lfi* 

IrI (iSiSlfil^- K) (D«Sia«lS$«»k33"C9 
7. 7%. El^Sd33t'2 8 5 O p C/N Jffcc 

»a*«n=*sr**n (asnatt^— k> com 

ft««ttft«*k31-ei 7. 6 0/6, E*a«»d31-C- 
1 5 0 pC/Njfc JS&ftStt ( f c31= f r ■ 
L) (Offl f C31J4. 9 2 4 H z ■ m-Cfeotco 
[0 0 4 4] ±tBhV^>$iJ^EmmS S 0 a ^(C^L. 
«»tttt#atff3xa. SP*>. 2 0°C-2 0 0°CCD;£ 
giSSl? 4 0 0 V/mm— 15 0 O V/mmCOlSSSBIf 
***2»MmMrft^X(4B*«B3*Lfc**>%ffl-r 
^xflcOfiTliSlc. #a*fiJtlE3E-r«)35ei^«|fSB]*i 

l, »a»«taar*3»iRia)5i««#hv-f >o>a«i 

® B ° s t "c fc -& ie» a ©tesas $ » A/ t an»*ffl 
t*ia (D . xi4i±mmis B B a «*4cDiE^^<t^a 

yuta. ttffi«{*j»tta»»i4A*ii fc 
ft «) *»A/-can8»3ftffl-r4xa (2) , xi4, xaa 
w^Mi»5ftiP'r*xa (3> . xi4, iKD » 
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(2) . (3) £M«*ft*>1*fcXH (4) iZ&Vft 

(D^*lw^^ffi£^5xfir*cD^ti^rS)(ciS^t-^^fS] 



T?, k33^)<8 0%]a-t*Cf5]^lCd33*<8 0 0 p C/NJU 
±. S-Q k3l*<7 0%iU±t?f5]B#lC-d3l^1 2 O 0 p 
C/N (SS±d3ll*. Jt<EfiI£&0) J2l±|::Lfci§£ 

T'fcy. k33*<8 0%JU±X*f5]B$lCd33* < 8 OOpC/ 
N1U±. M^k3i^3 0%^TT*^^lz-d3iA<3 0 0 
pC/N <5£g_td3lf** ULTlZLtzm 

cfcy^tt^cD^rs] (k33) fiifc^- Fmmoiznmm 

[0 0 4 6] 

[11] 







to • ffiflmtt 




fas 

x: 


V/mm 


min 


% 


lO^C/N 


% 


io- u c/n 


f C 81 

Hz • m 


i 


20 


1800 


10 


95.6 


2550 


61.6 


-970 


701 




2 


60 


400 


150 


95.3 


2500 


48.7 


-694 


773 




3 


100 


300 


120 


94.0 


2360 


35.0 


-620 


755 


mm 


4 


40 


250 


10 


56.0 


165 


18.9 


-224 


741 




5 


40 


500 


10 


64.0 


1190 


76.0 


-1310 


601 




6 


40 


700 


10 


87.0 


1420 


77.1 


-1324 


603 




7 


40 


1000 


10 


95.3 


2500 


80.8 


-1701 


522 




8 


40 


1600 


10 


95.3 


2500 


60.9 


-939 


700 




9 


200 


400 




80.2 


960 


74.7 


-1263 


609 


mtmi i 


10 


60 


400 


120 


96.9 


2740 


26.3 


-288 


981 




11 


20 


1600 


10 


94.6 


2300 


27.1 


-291 


1004 




Xftfgi 








94 


2300 


53 


-1100 














90 


1734 


49 


-962 


680-733 

: 707) 





[0 0 4 7] 



[i2] 





9mto& 








k 33 


10" U (VN 


% 


d 3 i 
10*"CVN 


f C 31 
Hz • m 


12 


totems 


lOOOV/mm, 40t:» 10 # 


97.3 


2810 


85.5 


-2380 


483 


23#*l 


13 




50-90T:, 30^55, «?)3gU3lsJ 


97.5 


2840 


85.3 


-2360 


503 


a#jgi 


14 


aa#J56 


150-200X:. 30#J23»!. »DjgL3[e] 


97.8 


2880 


85.3 


-2350 


506 


&$3ii 


15 


8**316 


200-400t:» 30#/2?8K |*r)jgL3Inl 


97.4 


2820 


85.6 


-2380 


437 




16 


&*JS7 


400V/mm, 150—200X2, 
30#*m 4»0iSL3I5I 


97.8 


2870 


86.0 


-2460 


415 


»*H l 


17 




/ Vf — ^ =ft j£ 500V/mm, 
J^SOOme, 10 # 


97.1 


2780 


18.3 


-230 


863 




18 


a«^6 


so-got:, sftmm* &o&ls® 


97.0 


2760 


18.6 


-260 


836 




19 




150~200r, Sttftflj. »0iSb3lei 


97.3 


2810 


17.8 


-190 


892 




20 




200— 400r, 5#J3»1. »05SU3lel 


97.2 


2790 


18.2 


-220 


847 


lft*J§2 


21 


mxm7 


[tC^m^- 400V/mm, 150-200t:. 
5#mm. »D3gb3© 


97.7 


2850 


17.6 


-150 


924 


mtm2 



[02] PZN-PT (PZNT) (D&mVfo&o 



[S3] n&wm<DmwmT-&z> 0 
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15] k3]mW)=E- K0>-f >fcf— 5f>*2> — ^it' 



[06] kaiSiftt— Ko>^>tf— :7a>H-e 

[i8] k3lfi»^— K0>-f >tf— — ^(DHT 
[0 9] BJ*Epaa&(&#*l*[a} (»*:&irj) Sp^co K> 

[HI O] Vft««tt$«ttk31^k31«fe : E— K0)« 



(f c31=f r • L) CDfiKD^^Trfc 

ran] *#wtto>KWB-T?&*. 

[Hi 2] kzzftdwW^^-Zfo&o 

[HI 3] 7Hft^^X(D;MT*$)l)o 

1 o eesjuisssh 1 

1 1 mil® (ooD 
1 2 

1 3 an® (oio) 



[01] 



[12] 



[Ml] 



[1003 



500V/o«J 



.6-4 



.O 



[H 1 3] 




1 



sea 




[H3] [EI 4] 



A! 121 B= 5 o hKR 5? 000.000 Hz 




A M1N 200.0 fi START 30 000.000 Hz 

B/DIV 2.000 d»c STOP BB EB0.000 Hz 

STOP- 83000.000 HZ 



250V/mm 
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[05] 



[16] 



fi: IZI B: 0 o HKR 

A MAX 1BB.B Kfi MAC 
E MAX 100. B dtg PHASE 




46 250.000 Hz 

16.0849 R 
-6.31537 deg 



f 1 ^ 



a 



A MJN 5. BBB fl START 
B/DIV EB.BB d«s STOP 
START-_3BBBB.B8B HZ 



30 B00.B00 Ha 

ea Bea.BBB Hz 



500V/mm 



A: IZI 3: I 
A HflK 1BB.0 
3 flAX IBB. a 



o MKR 
Kft MAG 
cftB PHASE 



A niN 5 . BBS fi START 
B/D1V EB.BB den STOP 
STOP-_800BB.BB8 HZ- 



46 375. BBB Hz 

15.121B n 
-9.77601 de 3 




3B 000. 0BB Hz 
60 BBS. EBB Hz 



700V/mm 



[H7] 



[IDS] 



A: IZI Bt 
A tlAX 1BB.B 
B MAX IBB .B 



KQ HAG 
d«g PHASE 



39 375.000 Hz 

23.1984 Q 
-3.496B7 dma 




IB. 00 

20. 00 dug 
STOP- B000B.BBB HZ 



/30 0B0.BBB Hz 
L 60 00B. BBB Hz 



AS IZI B: 8 o MKR 

A MAX IBB. B Kfl MAG 
B MAX IBB. B d»o PHASE 



46 750. BBB Hz 

3G.2010 n 
-5.49945 dtp 




10.00 
20.00 



ft START 
deg STOP 



30 BBB. BBB Hz 
BB BBB. BBB Hz 



1 OOOV/mm 



1600 V/mm 



1 1 ] 
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[@9] 



I® 1 0] 



250V/mm 
500V/mni 



1 0OOV/mm 
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